Abstract 1,4-Dicarbonyl compounds 2 carrying a phosphonate group were obtained by utilizing a dually N-heterocyclic carbene (NHC) catalyzed domino reaction involving the intramolecular hydroacylation of salicyl alkynylphosphonates 1 and a subsequent intermolecular Stetter reaction with aromatic aldehyde at room temperature. In addition, 2 can also be applied for the synthesis of benzopyranopyrrole carrying a phosphonate group 4 in one pot and in moderate yield.
Introduction
During the past decades, domino reactions, which can rapidly form complicated molecule skeletons from readily available substrates in a single operation without isolation of intermediates, have received more and more attention of organic chemists. So, considerable efforts have been made to develop organocatalytic domino transformations. 1 1,4-Dicarbonyl endocyclic tautomers can be obtained at different temperatures. 9b Because α,β-unsaturated ketones (exocyclic tautomers) are the major products at lower temperatures (15-17 ºC), this prompted us to investigate the possibility of developing a dually NHC-catalyzed domino reaction involving the intramolecular hydroacylation of salicyl alkynylphosphonates and a subsequent intermolecular Stetter reaction to prepare 1,4-dicarbonyl compounds 2 carrying a phosphonate group at room temperature (Scheme 2), which can be very important intermediates for the synthesis of biologically active phosphonyl heterocyclic compounds. 10 Although Glorius and coworkers reported the NHC-catalyzed cascade hydroacylation/Stetter reactions of salicyl alkynes, 8 the groups linking with alkynes are usually H or a Me group, other groups such as aromatic group, ester group linking with alkynes are not reported. As for activated alkynes, no domino hydroacylation/Stetter reaction is reported because in which endocyclic tautomers are the major product. In this paper, we report the first cascade hydroacylation/ Stetter reaction of activated alkynes 1 containing a phosphonyl group derived from substituted salicylaldehydes (Scheme 1). Scheme 1. Domino hydroacylation/Stetter reaction of activated alkynes containing a phosphonyl group.
Results and Discussion
First of all, we used substrate 1a and 4-chlorobenzaldehyde as a model in order to optimize the reaction condition. The initial screening was carried out at 15-17 °C with 5 mol% of catalyst and 10 mol% of K 2 CO 3 in THF (Table 1 , entries 1-6). When thiazolium salt 3a was used as the catalyst and K 2 CO 3 as the base, 2a was obtained in 81% yield (Table1, entry 1), and 3a is the most effective catalyst, however, the triazolium salt 3d is not so effective (Table1, entry 4); Secondly, the effects of various bases (Table 1, entries 7-11) were explored using catalyst 3a as a control, the moderate base (K 2 CO 3 ) afforded the products in higher yields than other bases. Subsequently, we turned our attention to the influence of different solvents on the reaction ( With the optimised conditions thus established, we tested different substrates to give good results in the NHC catalyzed cascade reaction of hydroacylation and Stetter reaction. For salicyl alkynylphosphonates with both electron-donating groups and electron-withdrawing ones on the phenyl ring, the reactions proceeded smoothly and gave the corresponding 2 in good yields at room temperature. However, when benzaldehyde was used, the yield was very low (Table 2 , entry 7); the reason for this is not clear. In order to prepare novel heterocycles containing a phosphonyl group with potent biological activities, 2 can be applied to the synthesis of benzopyranopyrrolephosphonate 4 successfully via a one-pot reaction in 50% yield (Scheme 2).
Scheme 2 Preparation of the benzopyranopyrrolephosphonate 4 by a one-pot reaction.
Conclusions
In conclusion, 1,4-dicarbonyl compounds 2 carrying a phosphonate group were obtained by utilizing a dually NHC-catalyzed domino reaction involving the intramolecular hydroacylation of salicyl alkynylphosphonates 1 and a subsequent intermolecular Stetter reaction with aromatic aldehyde in good yields at room temperature. In addition, 2 can be also applied successfully for the synthesis of benzopyranopyrrole containing a phosphonyl group 4 in one-pot reaction in moderate yield.
Experimental Section
General. All reagents and solvents for reactions were used as received with the following exceptions. THF, toluene and dioxane were distilled from Na/benzophenone. Dichloromethane, acetonitrile and N,N-dimethylformamide (DMF) were distilled from calcium hydride. Ethanol and n-butyl alcohol were distilled form Mg turnings. K 2 CO 3 was dried by heating at 110 °C for 12 h and left to cool under Ar. N-Heterocyclic carbene (NHC) precursors 3 were prepared according to the literature. 11 The substituted salicyl alkynylphosphonates 1 were synthesized according to the the reported method. Synthesis of 2-phosphonyl 1,4-diketones 2: general procedure. To an oven-dried round-bottomed flask equipped with a magnetic stirring bar was added diethyl 3-(2-formylphenoxy)prop-1-ynylphosphonate 1 (0.5 mmol, 1.0 equiv), pre-catalyst 3a (9 mg, 0.025 mmol, 0.05 equiv), substituted benzaldehyde (0.5 mmol, 1.0 equiv), dry THF (2 ml) and dry K 2 CO 3 ( 6.9 mg, 0.05 mmol, 0.10 equiv) under a N 2 or Ar atmosphere at 15-17 °C. The resulting mixture was then stirred for 3h at the same temperature. The progress of the reaction was monitored by TLC. Upon completion, the mixture was pre-absorbed on silica gel and purified by flash column chromatography on silica gel (eluent: hexane/ AcOEt 1:1) to afford 2 as a white solid. 3, 192.2, 161.5, 139.4, 136.3, 135.6, 130.2, 128.8, 127.3, 121.5, 119.8, 117.6, 69.6, 63.2, 46.9, 44.3 (d, J 128.4 4, 192.3, 156.3, 154.0, 136.1, 131.8, 130.5, 130.2, 128.2, 125.6, 119.1, 107.3 (d, J 101.4 Hz), 69.7, 63.1, 55.6, 46.9, 43.9 (d, J 130.4 3, 191.3, 161.4, 157.8, 135.9, 131.9, 131.6 (d, J 32 Hz) 193.5, 192.7, 159.5, 144.5, 136.1, 134.2, 130.5, 128.8, 128.2, 123.4, 119.0, 117.3, 69.6, 63.2, 47.2, 43.5, 34.3, 31.2 (d, J 142.6 Hz) 193.5, 192.4, 159.8, 137.2, 136.1, 131.8, 130.3, 128.2, 127.0, 124.9, 120.9, 119.4, 63.2, 46.9, 44.3, 43.5, 16.2, 15.5 193.5, 183.8, 158.7, 143.4, 138.2, 136.2, 131.8, 131.1, 130.3, 128.1, 121.4, 119.7, 63.2 (d, J 30 Hz), 47.0, 44.4, 43.5, 35.0, 34.4, 31.2, 29.6, 16 To an oven-dried round-bottom flask equipped with a magnetic bar was added 1a (296 mg, 1.0 mmol, 1.0 equiv), pre-catalyst 3a (18 mg, 0.05 mmol, 0.05 equiv), 4-chlorobenzaldehyde (140 mg, 1.0 mmol, 1.0 equiv), anhydrous THF (2 ml), and dry K 2 CO 3 ( 14 mg, 0.1 mmol, 0.10 equiv.) under a N 2 or Ar atmosphere at r.t. The resulting mixture was then stirred for 3 h at 15-17 °C. The progress of the reaction was monitored by TLC. NH 4 OAc (231 mg, 3 mmol) and gacial AcOH (3 ml) were added under N 2 atmosphere, the mixture was allowed to be stirred under reflux for 12 h. Upon completion, the mixture was cooled to r.t. The workup involved addition of ice water (20 ml) and extraction of the product mixture into CHCl 3 (3 × 20 ml) , washing with sat. aq. NaHCO 3 and sat. brine. After phase separation, drying over Na 2 SO 4 , filtration and evaporation, the crude product was purified by chromatography on silica using a mixture of petroleum ether and AcOEt (2:1) as an eluent to give 4 as white solid (208.5 mg, 50% 4, 156.5, 149.3, 138.4, 136.5, 135.7, 134.1, 131.7, 129.8, 128.5, 126.2, 122.7, 122.2, 116.7, 66.5, 62.6, 16.4 
Diethyl 2-(4-chlorophenyl)-1-(4-oxochroman-3-yl)-2-oxoethylphosphonate (2a

